Improvement of laparoscopy instrument using magnetic principle by Molnár, László & Paróczi, Annamária
PROCEEDINGS 
 
 
 
  
 
 
 
 
 
 
Faculty of 
Mechanical Engineering 
 
 .......................................................................................... 
 
PROSPECTS IN MECHANICAL ENGINEERING 
 
8 - 12 September 2008 
 
 
 
 
 
 
 
 
 
 
 
www.tu-ilmenau.de  
 
 
 
Home / Index: 
http://www.db-thueringen.de/servlets/DocumentServlet?id=17534 
53. IWK
Internationales Wissenschaftliches Kolloquium
International Scientific Colloquium
Published by 
Impressum 
 
Publisher Der Rektor der Technischen Universität Ilmenau 
Herausgeber Univ.-Prof. Dr. rer. nat. habil. Dr. h. c. Prof. h. c. Peter Scharff 
 
Editor Referat Marketing und Studentische Angelegenheiten 
Redaktion Andrea Schneider  
 
 Fakultät für Maschinenbau 
Univ.-Prof. Dr.-Ing. habil. Peter Kurz, 
Univ.-Prof. Dr.-Ing. habil. Rainer Grünwald, 
Univ.-Prof. Dr.-Ing. habil. Prof. h. c. Dr. h. c. mult. Gerd Jäger, 
Dr.-Ing Beate Schlütter, 
Dipl.-Ing. Silke Stauche 
 
Editorial Deadline  17. August 2008 
Redaktionsschluss 
 
Publishing House Verlag ISLE, Betriebsstätte des ISLE e.V. 
Verlag Werner-von-Siemens-Str. 16, 98693 llmenau 
 
 
CD-ROM-Version: 
 
Implementation  Technische Universität Ilmenau 
Realisierung Christian Weigel, Helge Drumm 
 
Production CDA Datenträger Albrechts GmbH, 98529 Suhl/Albrechts 
Herstellung 
 
ISBN: 978-3-938843-40-6 (CD-ROM-Version) 
 
 
Online-Version: 
 
Implementation Universitätsbibliothek Ilmenau 
Realisierung  
Postfach 10 05 65 
 98684 Ilmenau 
 
 
 
 
 
 
© Technische Universität Ilmenau (Thür.) 2008 
 
The content of the CD-ROM and online-documents are copyright protected by law. 
Der Inhalt der CD-ROM und die Online-Dokumente sind urheberrechtlich geschützt. 
 
 
Home / Index: 
http://www.db-thueringen.de/servlets/DocumentServlet?id=17534 
53rd Internationales Wissenschaftliches Kolloquium 
Technische Universität Ilmenau 
 08 – 12 September 2008 
 
L. Molnár / A. Paróczi 
 
 
Improvement of laparoscopy instrument using magnetic 
principle 
 
 
ENGINEERING DESIGN 
 
Introduction One of the most important development trends in the abdominal surgery is 
to cut the fewest and least incisions in the abdominal wall. 
Either technology is the laparoscopy; we would like to minimize the number of incisions. 
So we have to solve some problems. The most important is the triangulation. One 
solution for this problem is to move medical instruments as an inside unit with an outside 
one with magnetism. We made an experiment with doctors how show us the model of an 
operation made in chitterlings of a pig. Fig.1. presents this model experiment. 
Aim and method of the research The aim of 
the development is reach about 8 N attractive 
force between the two unit. We used numerical 
method in line with the conventional design 
method. This quickens appreciably the design 
during the early period of product development.  
Analysis of geometries The substance of the 
concept design is to reach suitable attract force 
with a suitable method. It can appear as a 
permanent- or electromagnet as an outside unit, 
magnets as an inside unit. We used Ansys Workbench 11.0 for the numerical 
simulations. Firstly we analysed combinations of permanent magnets, all had the same 
material properties, and so only the geometry has influence for the magnetism. We 
defined a distance of 30 mm between the inside- and outside unit; this corresponds to 
the thickness of the skin of the fattest person. We used the magnet type of 30H NdFeB 
in the simulations. You can see the summarized x directional force in Table 1.  
Fig.1. The model experiment  
concept 
  
X direct. sum. Force [N] 0,27 0,46 0,74 0,55 
 
 
After evaluating the results you can say, that the summarized x directional force was too 
small it was between 0,27 and 0,74 N. We choose the cylinder-brick combination, 
because that had the biggest summarized directional force. So we started to optimize 
this combination. 
Optimization of the geometry On the ground of the first calculations between the 
magnets considerably little forces awaked, we changed the cylinder-prism the following: 
we placed a steel flux conductor element on the outside unit. We defined as parameter 
the length of the outside and inside magnet, length of the flux conductor’s steel legs, and 
the distance of the units. You can see the parameters in fig. 2. Our target function was 
the maximum of magnetic force’s x directional component. The results and the 
parameters of the optimisation are summarized in table 2. 
 
Fig. 2. The modified geometry and parameters 
 
 
 Tab. 1. The summary of the firs results
 trait of the result parameters note 
In the first case the 
parameters were 
the distance 
between the two 
units and the length 
of the inside 
magnet-cylinder. 
The length of the 
flux conductor and 
the length of the 
outside magnet 
were fixed. 
The values of the 
summarized directional 
force are in z (blue) axis, 
the length of the inside 
magnet in x (red) axis and 
the distance between the 
two units in y (green) axis. 
The bigger forces are next 
to the centre of coordinate 
system. The force 
changes between 2,6 and 
-12 N. 
 
The parameters 
were the length of 
flux conductor and 
the distance. 
Like the previous figure 
the summarized force is in 
z axis, the distance is in y 
axis and the length of flux 
conductor changes 
between 1 and 10 mm 
started from the origin. 
The force changes 
between 0,4 and -12 N. 
 
The parameters 
were the distance 
between the two 
units and the length 
of the outside 
magnet-cylinder. 
The length of the 
flux conductor and 
the length of the 
inside magnet were 
fixed. 
The effect of the length of 
outside magnet is similar 
to the first case. Because 
of the bigger size of this 
outside magnet this effect 
is more forceful. The force 
changes between 1,9 and 
-12 N in this case. 
 
 
 
You can see the effect of the parameters in fig. 3. 
 Tab. 2. The summary of the optimization 
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Fig. 3. The effects of the parameters 
To sum up we can say that with optimization we could raise the magnetism. We reached 
about 4-5 N force when the distance was convenient. This does not reach the necessary 
force so we have to make some developing steps. 
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